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PRESTRESS-ADJUSTABLE PIEZOELECTRIC
GRIPPING DEVICEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gripping device and more
particularly to a prestress-adjustable piezoelectric gripping
device.

2. Description of the Related Art

Micro-Grippers play an essential role in micro assembling,
systems, but a micro actuation device 1s an even more 1mpor-
tant technical module; it 1s indispensable 1f a strong gripping,
elifect 1s to be achieved. Generally, the micro actuation
devices or precision actuation devices are simply achieved by
utilizing the micro deformation characteristic of a piezoelec-
tric element. Common piezoelectric elements often adopt
actuation modes of a longitudinal effect and a transverse
elfect (that 1s, horizontal or perpendicular configuration, and
from the perspective of deformation, both longitudinal and
transverse variations actually exist simultaneously, although
the longitudinal and transverse effects are respectively
adopted as the actuation modes ) depending on different mate-
rial polarization directions (P) and applied electric field direc-
tions (E). However, conventional micro grippers using a
MEMS process have the following problems: an insufficient
gripping velocity, an inadequate gripping force, and a short
driving displacement.

Referring to FIG. 1, a conventional piezoelectric element 1s
shown with a longitudinal effect actuation; the piezoelectric
clement 1 has a polarization direction (P) and an applied
clectric field direction (E), both of which are 1n a lengthwise
direction of the conventional piezoelectric element 1 with a
longitudinal effect actuation (i.e., configured in parallel).
Under the stress generated in the polarization direction (P)
and the electric field direction (E), the conventional piezo-
clectric element 1 with a longitudinal effect actuation 1s
deformed longitudinally (as shown by the dashed line), so as
to produce a longitudinal actuation force.

Referring to FIG. 2, a conventional piezoelectric element 2
1s shown with a transverse effect actuation; the piezoelectric
clement 2 has a polarization direction (P) opposite an applied
clectric field direction (E). Both the polarization direction (P)
and the applied electric field direction (E) are 1n a widthwise
direction of the conventional piezoelectric element 2 with
transverse eflect actuation (1.e., configured in parallel). Under
the stress generated 1n the polarization direction (P) and the
applied electric field direction (E), the conventional piezo-
clectric element 2 with a transverse eflect actuation 1s trans-
versely deformed (as shown by the dashed line), so as to
produce a transverse actuation force.

The above conventional piezoelectric element 1 with a
longitudinal effect actuation and the conventional piezoelec-
tric element 2 with a transverse effect actuation generate
longitudinal effects and transverse effects respectively, which
are characteristics generated when an external electric field
direction (E) and a polarization direction (P) are configured in
parallel. Unfortunately, the above two driving configurations
cannot produce a shear effect while generating longitudinal
and transverse effects. Therefore, with a single piezoelectric
clement, although a high actuation precision or amicro actua-
tion elffect can be achieved, the realized driving displacement
1s only up to tens of micrometers (um). What’s worse, some
piezoelectric elements can only actuate up to the level of sub
micrometers (sub-um), and thus, 1t 1s rather difficult to grip a
micro element with a larger size (e.g., more than 100 um).
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In addition, 1n order to prolong the driving displacement of
the above conventional piezoelectric element 1 with a longi-
tudinal effect actuation and the conventional piezoelectric
clement 2 with a transverse effect actuation, a plurality of
piezoelectric elements must be stacked together.

FIGS. 3A and 3B show a conventional stacked piezoelec-
tric actuation device 3, which includes the conventional
piezoelectric element 1 with a longitudinal effect actuation
and the conventional piezoelectric element 2 with a trans-
verse elflect actuation. The conventional piezoelectric ele-
ment 2 with a transverse effect actuation 1s disposed on the
conventional piezoelectric element 1 with a longitudinal
elfect actuation. FIG. 4 A shows a first driving signal input to
the conventional piezoelectric element 1 with a longitudinal
elfect actuation, and FIG. 4B shows a second driving signal
input to the conventional piezoelectric element 2 with a trans-
verse elfect actuation. The first driving signal and the second
driving signal have a phase diflerence.

As shown in FIGS. 3A to 4B, upon receiving the first
driving signal, the conventional piezoelectric element 1 with
a longitudinal effect actuation generates a longitudinal effect
for longitudinal motions. Upon receiving the second driving
signal, the conventional piezoelectric element 2 with a trans-
verse effect actuation generates a transverse etflect for trans-
verse motions. The respective dashed lines 1 FIG. 3B 1ndi-
cate the conventional piezoelectric element 1 with a
longitudinal effect actuation and the conventional piezoelec-
tric element 2 with a transverse effect actuation before defor-
mation. By controlling the first and second driving signals
with a phase difference to respectively drive the conventional
piezoelectric element 1 with a longitudinal effect actuation
and the conventional piezoelectric element 2 with a trans-
verse elfect actuation, the conventional stacked piezoelectric
actuation device 3 generates an approximately rectangular-
shaped or ellipse-shaped movement track to achieve the effect
of pushing or actuation.

The actuation mode of the above conventional stacked
piezoelectric actuation device 3 1s the most common and
convenient aspect practiced among micro piezoelectric actua-
tors. However, 1n order to generate a desirable movement
track, two piezoelectric materials are required and the electric
signals with two phases (the first and second driving signals)
must be accurately matched, which 1s rather complicated in
terms of hardware implementation.

Therefore, there 1s a need to provide a prestress-adjustable
piezoelectric gripping device to solve the above problems.

SUMMARY OF THE INVENTION

The present invention provides a prestress-adjustable
piezoelectric gripping device, which includes a base, a first
sliding structure, a gripping unit, a piezoelectric unit, a force-
sensing unit, and a prestressing device. The base has a sur-
tace. The first sliding structure 1s disposed above the surface
and substantially parallel to the surface. The gripping unit
includes a first gripping element and a second gripping ele-
ment. The first gripping element has a first rod portion and a
first gripping portion. The first sliding structure 1s used for
guiding the first rod portion. The second gripping element 1s
disposed above the surface and 1s configured opposite the first
gripping element. The piezoelectric unit includes at least one
piezoelectric element and at least one substrate. The piezo-
electric element has a first side surface, a second side surtface,
and two electrodes. The first side surface 1s disposed on one
side surface of the substrate. The second side surface 1s per-
pendicular to an axial extension direction of the first rod
portion. The electrodes are disposed on the first and second
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side surtaces respectively. The force-sensing unit 1s disposed
on the other side surface of the substrate. The prestressing
device 1s connected to the force-sensing umit to provide a
prestressing force so that the piezoelectric element contacts
the first rod portion.

The prestressing device adjusts a prestressing force applied
to the piezoelectric element according to a feedback signal
from the force-sensing unit, so as to control the Iriction
between the piezoelectric element and the first rod portion.
By utilizing the deformation of the piezoelectric element to
drive the first rod portion many times, the gripping velocity
and the gripping force of the gripping unit are controlled, and
thus, a long driving displacement can be achieved while
maintaining high precision.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a conventional piezoelectric
clement with a longitudinal effect actuation;

FIG. 2 1s a schematic view of a conventional piezoelectric
element with a transverse effect actuation:

FIGS. 3A and 3B are schematic views of an actuation of a
conventional stacked piezoelectric actuation device;

FI1G. 4 A 1s a schematic view of a first driving signal input to
the conventional piezoelectric element with a longitudinal
effect actuation;

FIG. 4B 1s a schematic view of a second driving signal
input to the conventional piezoelectric element with a trans-
verse effect actuation:

FIG. 5 1s a stereogram of a prestress-adjustable piezoelec-
tric gripping device according to a first embodiment of the
present invention;

FIG. 6 1s a top view of the prestress-adjustable piezoelec-
tric gripping device according to the first embodiment of the
present invention;

FI1G. 7 1s a schematic view of a first rod portion disposed on
the piezoelectric element according to the first embodiment
of the present invention;

FIG. 8 1s a graph of time to potential of a square wave
single-phase driving signal according to the present inven-
tion;

FI1G. 9 1s a graph of time to potential of a saw wave single-
phase driving signal according to the present mnvention;

FIG. 10 1s a graph of time to potential of a sinusoidal wave
single-phase driving signal according to the present mven-
tion;

FIGS. 11 to 13 are schematic views ol motions of a piezo-
clectric element according to the present invention;

FIG. 14 1s a relation graph of a gripping velocity and a
gripping force of a prestress-adjustable piezoelectric gripping
device according to the present imnvention;

FIG. 15 1s a stereogram of a prestress-adjustable piezoelec-
tric gripping device according to a second embodiment of the
present invention; and

FIG. 16 1s a stereogram of a prestress-adjustable piezoelec-
tric gripping device according to a third embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 5 1s a stereogram of a prestress-adjustable piezoelec-
tric gripping device according to a first embodiment of the
present invention, FI1G. 6 1s a top view of the prestress-adjust-
able piezoelectric gripping device according to the {first
embodiment of the present invention, and FIG. 7 1s a sche-
matic view of a first rod portion disposed on a piezoelectric
clement according to the first embodiment of the present
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invention. Referring to FIGS. 5-7, a prestress-adjustable
piezoelectric gripping device 4 according to the first embodi-
ment of the present invention 1s shown, and includes a base
41, a first sliding structure 42, a gripping unit 43, a piezoelec-
tric unit 44, a force-sensing unit 45, and a prestressing device
46.

In this embodiment, the base 41 has a surface 411, a first
post 412, and a second post 413. The first post 412 and the
second post 413 are disposed on the surface 411 with a dis-
tance therebetween. The first sliding structure 42 1s disposed
on the first post 412 and substantially parallel to the surface
411. Preferably, the first sliding structure 42 1s a precision
linear slide rail.

The gripping unit 43 1s disposed between the first post 412
and the second post 413 and includes a first gripping element
431 and a second gripping element 432. The first gripping
clement 431 has a first rod portion 433 and a first gripping
portion 434. The first sliding structure 42 1s used for guiding
the first rod portion 433. The second gripping element 432 1s
disposed on the second post 413 above the surface 411 and 1s
configured opposite the first gripping element 431.

The first sliding structure 42 utilizes a precision linear slide
rail as a basis for a linear reciprocating motion of the first
oripping element 431, so as to effectively enhance the linear-
ity 1n the operations of the prestress-adjustable piezoelectric
oripping device 4 and simplily the mechanism design and
assembling process, so as to improve the sliding flexibility of
the gripping unit 43.

The piezoelectric unit 44 includes at least one piezoelectric
element and at least one substrate. In this embodiment, the
piezoelectric unit 44 includes two piezoelectric elements 441
and a substrate 442. The piezoelectric elements 441 contact
the first rod portion 433. Each piezoelectric element 441 has
a first side surface 443, a second side surface 444, and two
clectrodes 445. The first side surface 443 1s disposed on one
side surface of the substrate 442, and the second side surface
444 1s perpendicular to an axial extension direction of the first
rod portion 433. The electrodes 445 are disposed on the first
side surface 443 and the second side surface 444 respectively.

In this embodiment, as the piezoelectric elements 441 are
configured 1nto cubes and the electrodes 443 are perpendicu-
larly disposed on the first side surface 443 and the second side
surface 444 of each piezoelectric element 441 respectively
(1.e., the electrodes 445 are not configured in parallel), a
deviation angle of 45° 1s formed between an electric field
direction (E) and a polarnization direction (P) of each piezo-
clectric element 441. When a single-phase driving signal 1s
clectrically connected to the electrodes 443, the piezoelectric
clements 441 generate a longitudinal effect, a transverse
elfect, and a shear effect simultaneously (producing an
cllipse-shaped movement track). The single-phase driving
signal 1s preferably a square wave periodic signal, a saw wave
periodic signal, or a sinusoidal wave periodic signal, such as
a sine wave periodic signal or a cosine wave periodic signal,
as shown 1n FIGS. 8,9, and 10 respectively.

FIGS. 11 to 13 are schematic views of an actuation of a
piezoelectric element according to the present invention. The
following descriptions are made with reference to corre-
sponding reference numerals 1n the prestress-adjustable
piezoelectric gripping device 4 according to the first embodi-
ment of the present mvention. As shown in FIG. 11, when a
single-phase driving signal (V) applied to the electrodes 445
has a potential difference of zero, the piezoelectric elements
441 still maintain the original cubes when no single-phase
driving signal 1s applied. As shown 1n FIGS. 9 and 12, a saw
wave periodic signal 1n FIG. 9 1s taken as an example of the
single-phase driving signal. At the time T1, the single-phase
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driving signal has a positive potential difference, so that the
piezoelectric elements 441 generate a pulling longitudinal
effect and a leftward shear effect. As shown in FIGS. 9 and 13,
when the potential difference of the single-phase driving sig-
nal drops to zero at the time T2, the piezoelectric elements
441 resume the original structural configuration when no
single-phase driving signal 1s applied.

When the single-phase driving signal is repeatedly applied
to the electrodes 445 1n such a manner, the piezoelectric
clements 441 repeatedly present a longitudinal effect and a
leftwards shear effect and resume the original structural con-
figuration when no single-phase driving signal 1s applied.
Therefore, when the single-phase driving signal 1s applied,
the piezoelectric elements 441 are deformed 1n two dimen-
s10ms, so that such driving signal 1s suitable to serve as a power
source ol the prestress-adjustable piezoelectric gripping
device, and the prestress-adjustable piezoelectric gripping
device 1s enabled to maintain excellent precision. In addition,
the gripping force of the grnipping unit can be enhanced
through a combination of a plurality of piezoelectric ele-
ments, so as to alleviate the problem of the conventional
micro grippers using a MEMS process 1n which the gripping,
force 1s msuilicient.

As shown 1n FIGS. § and 6, the force-sensing unit 45 1s
disposed on the other side surface of the substrate 442 1n the
piezoelectric unit 44. The force-sensing unit 45 1s preferably
a Torce gauge. The prestressing device 46 1s connected to the
force-sensing unit 45 to provide a prestressing force so that
the piezoelectric elements 441 contact the first rod portion
433. The prestressing device 46 may be a pneumatic device,
an o1l pressure device, or a spring pressure device (such as a
helical spring pressure device).

In this embodiment, the prestressing device 46 1s a spring
pressure device and includes a movable elasticity assembly
461, a fixed base 462, and a stepping unit 463. A side surface
of the movable elasticity assembly 461 1s connected to the
force-sensing unit 45 and the movable elasticity assembly
461 1s provided with at least one elastic element 464 (such as
a spring). The fixed base 462 1s fixed on the surface 411 of the
base 41 and has at least one rod 465. The rod 465 passes
through the elastic element 464 and penetrates the movable
clasticity assembly 461, so that the movable elasticity assem-
bly 461 can move along the rod 465. The stepping unit 463 1s
disposed on the fixed base 462 and contacts the other side
surface of the movable elasticity assembly 461. The movable
clasticity assembly 461 1s actuated by the stepping unit 463,
so as to apply a prestressing force to the piezoelectric ele-
ments 441 to control the friction between the piezoelectric
clements 441 and the first rod portion 433. Once the piezo-
clectric elements 441 contact the first rod portion 433, a
teedback signal 1s detected by the force-sensing unit 45.

In this embodiment, the prestress-adjustable piezoelectric
oripping device 4 further includes: a control unit 47, con-
nected to the force-sensing unit 45 and the prestressing device
46, tor controlling the prestressing device 46 on the basis of
the feedback signal and dynamically adjusting the prestress-
ing force accordingly, so as to control the friction between the
piezoelectric elements 441 and the first rod portion 433. By
utilizing the deformation of the piezoelectric elements 441 to
drive the first rod portion 433 many times, the gripping veloc-
ity and the gripping force of the gripping unit 43 are con-
trolled, so as to achieve a long driving displacement.

FIG. 14 1s a relation graph of a gripping velocity and a
gripping force of a prestress-adjustable piezoelectric gripping
device according to the present invention. As shown in FIG.
14, the gripping velocity and the gripping force of the pre-
stress-adjustable piezoelectric gripping device are closely

10

15

20

25

30

35

40

45

50

55

60

65

6

associated with each other. For example, as shown in FIG. 14,
when the gripping force 1s F1, the prestress-adjustable piezo-
clectric gripping device has a maximum gripping velocity of
Vmax. Therefore, by adjusting the prestressing force to con-
trol the friction between the piezoelectric unit 44 and the
oripping unit 43, the desirable gripping velocity and gripping
force can be achieved.

FIG. 15 1s a stereogram of a prestress-adjustable piezoelec-
tric gripping device according to a second embodiment of the
present mvention. A prestress-adjustable piezoelectric grip-
ping device 5 includes a base 51, a first sliding structure 52, a
gripping unit 33, a piezoelectric unit 54, a force-sensing unit
55, a prestressing device 56, and a control unit 57. In the
second embodiment, the prestress-adjustable piezoelectric
gripping device 5 further includes a second sliding structure
58. The force-sensing unit 335 includes two force-sensing
clements 551, the piezoelectric unit 54 includes two piezo-
clectric elements 541, and the second sliding structure 38 1s
disposed on a second post 511 of the base 51.

The second sliding structure 58 1s substantially parallel to
a surface 312 of the base 51. A second gripping element 531
of the gripping unit 33 has a second rod portion 532 and a
second gripping portion 333. The second sliding structure 58
1s used for guiding the second rod portion 332. The second
oripping portion 533 1s configured opposite a first gripping
portion 3335 of a first gripping element 534 1n the gripping unit
53. The piezoelectric elements 541 contact a first rod portion
536 of the first gripping element 534 and the second rod
portion 532 of the second gripping element 531 respectively.
The force-sensing elements 551 are configured opposite the
piczoelectric elements 541 respectively. The first sliding
structure 52 and the second sliding structure 58 are preferably
precision linear slide rails.

FIG. 16 1s a stereogram of a prestress-adjustable piezoelec-
tric gripping device according to a third embodiment of the
present mvention. A prestress-adjustable piezoelectric grip-
ping device 6 includes a base 61, a first sliding structure 62, a
gripping unit 63, a piezoelectric unit 64, a force-sensing unit
65, a prestressing device 66, and a control unit 67. Unlike the
prestress-adjustable piezoelectric gripping device 5 1n FIG.
15 according to the second embodiment, the piezoelectric
unmt 64 according to the third embodiment has two substrates
641, and each substrate 641 1s disposed between a piezoelec-
tric element 642 and a force-sensing element 651 opposite
cach other. The other components are the same as those in the
prestress-adjustable piezoelectric gripping device 5 accord-
ing to the second embodiment, and thus are not described
again herein.

The prestressing device according to the present invention
adjusts a prestressing force applied to the piezoelectric ele-
ment on the basis of a feedback signal from the force-sensing,
unit, so as to control the friction between the piezoelectric
clement and the first or second rod portion. By utilizing the
deformation of the piezoelectric element to drive the first or
second rod portion many times, the gripping velocity and the
gripping force of the gripping unit can be controlled, thereby
achieving a long driving displacement while maintaining
high precision.

While the embodiments of the present invention have been
illustrated and described, various modifications and improve-
ments can be made by those skilled 1n the art. The embodi-
ments of the present invention are therefore described 1n an
illustrative but not restrictive sense. It 1s intended that the
present invention may not be limited to the particular forms as
illustrated, and that all modifications that maintain the spirit
and scope of the present invention are within the scope as
defined 1n the appended claims.
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What 1s claimed 1s:

1. A prestress-adjustable piezoelectric gripping device,
comprising;

a base, having a surface;

a first sliding structure, disposed above the surface and

substantially parallel to the surface;

a gripping unit, having a first gripping element and a sec-
ond gripping element, wherein the first gripping element
has a firstrod portion and a first gripping portion, the first
sliding structure 1s used for guiding the first rod portion,
and the second gripping element 1s disposed above the
surface and 1s configured opposite the first gripping ele-
ment;

a piezoelectric unit, having at least one piezoelectric ele-
ment and at least one substrate, wherein the piezoelectric
element has a first side surface, a second side surface,
and two electrodes, the first side surface 1s disposed on a
side surface of the substrate, the second side surface 1s
perpendicular to an axial extension direction of the first
rod portion, and the electrodes are disposed on the first
and second side surfaces respectively;

a force-sensing unit, disposed on the other side surface of
the substrate; and

a prestressing device, connected to the force-sensing unit,
for providing a prestressing force so that the piezoelec-
tric element contacts the first rod portion.

2. The piezoelectric gripping device according to claim 1,
wherein the base comprises a first post, and the first shiding
structure 1s disposed on the first post.

3. The piezoelectric gripping device according to claim 1,
wherein the first sliding structure 1s a precision linear slide
rail.

4. The piezoelectric gripping device according to claim 2,
wherein the base further comprises a second post, and the
second gripping element 1s disposed on the second post.

5. The piezoelectric gripping device according to claim 4,
turther comprising a second sliding structure, wherein the
force-sensing unit comprises two force-sensing elements, the
piezoelectric unit comprises two piezoelectric elements, the
second sliding structure 1s disposed on the second post and 1s

configured substantially parallel to the surface, the second
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oripping c¢lement has a second rod portion and a second
gripping portion, the second sliding structure 1s used for
guiding the second rod portion, the second gripping portion 1s
opposite the first gripping portion, the piezoelectric elements
contact the first and second rod portions respectively, and the
force-sensing elements are opposite the piezoelectric ele-
ments respectively.

6. The piezoelectric gripping device according to claim 3,
wherein the piezoelectric unit has two substrates and each of
the substrates 1s disposed between the piezoelectric element
and the force-sensing element opposite each other.

7. The piezoelectric gripping device according to claim 5,
wherein the first and second sliding structures are precision
linear slide rails.

8. The piezoelectric gripping device according to claim 1,
wherein the force-sensing unit 1s a force gauge.

9. The piezoelectric gripping device according to claim 1,
wherein the prestressing device 1s a pneumatic device, an o1l
pressure device, or a spring pressure device.

10. The piezoelectric gripping device according to claim 9,
wherein the spring pressure device 1s a helical spring pressure
device.

11. The piezoelectric gripping device according to claim 1,
further comprising a control unit, connected to the force-
sensing unit and the prestressing device, for controlling the
prestressing device on the basis of a feedback signal from the
force-sensing unit, so as to adjust the prestressing force.

12. The piezoelectric gripping device according to claim 1,
wherein the electrodes of the piezoelectric element recerve a
single-phase driving signal to drive the piezoelectric element
to generate a longitudinal effect, a transverse effect, and a
shear effect.

13. The piezoelectric gripping device according to claim
12, wherein the single-phase driving signal 1s a square wave
periodic signal, a saw wave periodic signal, or a sinusoidal
wave periodic signal.

14. The piezoelectric gripping device according to claim
13, wherein the sinusoidal wave periodic signal 1s a sine wave
periodic signal or a cosine wave periodic signal.
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